Abstract: Medial ulnar collateral ligament (UCL) injuries are common and are seen most frequently in baseball pitchers. Appropriate recognition, treatment, and rehabilitation are necessary to ensure the best chance for return to preinjury levels of participation. Participation in competitive sports may be disrupted for 6 months to 1 year when treated optimally. Abstinence from play may be prolonged when treatment is delayed or if conservative treatment fails; this delay carries significant consequences to the professional, collegiate, and high school athlete. The orthopedic literature is replete with recommendations for the care of these athletes. These recommendations are generally based on retrospective reviews. The purposes of this paper are 3-fold: to provide background knowledge on this injury, to synthesize the current knowledge on the diagnosis, treatment, and rehabilitation of athletes with medial UCL injuries, and lastly, to provide a treatment algorithm for athletes with UCL injuries.
M
edial ulnar collateral ligament (UCL) injuries in athletes were first described in javelin throwers by Waris in 1946. Numerous subsequent publications have documented this injury in competitive athletes. The injury is seen most commonly in baseball pitchers although volleyball, handball and tennis players, collegiate wrestlers, and arm wrestlers suffer as well. The common denominator in these sporting activities is a repetitive valgus stress to the elbow.
King et al 1 reported their theory on the etiology of medial elbow pathology in professional baseball pitchers in 1969. They believed that this ''medial stress syndrome'' arose from the recurrent valgus stresses transmitted to the elbow musculature and then to the capsule and ligaments. The prevalence of this overuse injury is not known. Magnetic resonance imaging (MRI) and ultrasound (US) studies in asymptomatic professional baseball players reported UCL abnormalities in 87% and 69% of asymptomatic athletes, respectively.
2, 3 Popovic et al 2 noted a 67% prevalence of effusion and UCL thickening by US and MRI in uninjured elite handball players. Petty's retrospective review noted a ''dramatic increase'' in the numbers of baseball players needing UCL surgery in 2 consecutive treatment periods. There was a 10-fold increase in the number high school baseball players treated surgically during these same study intervals. 3 Appropriate recognition, treatment, and rehabilitation are necessary to ensure the best chance for return to preinjury levels of participation. Participation in competitive sports may be disrupted for 6 months to 1 year when treated optimally. Abstinence from play may be prolonged when treatment is delayed or if conservative treatment fails; this delay carries significant consequences to the professional, collegiate, and high school athlete. The orthopedic literature is replete with recommendations for the care of these athletes. These recommendations are generally based on retrospective reviews. The purposes of this paper are 3-fold: to provide background knowledge on this injury, to synthesize the current knowledge on the diagnosis, treatment, and rehabilitation of athletes with medial UCL injuries, and lastly, to provide a treatment algorithm for athletes with UCL injuries.
ANATOMY
The elbow joint is a hinge joint dependent upon its osseous, capsular, and ligamentous components for primary and secondary support. Bony articulations and soft tissue connections confer stability in different ratios depending on the position of the elbow throughout the flexion-extension arc. Although these structures share a relatively equal load to valgus stresses in full extension, the UCL contributes more to valgus stability with increasing degrees of flexion. [4] [5] [6] [7] The UCL's ability to function as the primary restraint to valgus stress in flexion is due to its location and structure. The UCL is a complex of 3 ligaments, the anterior oblique ligament (AOL), posterior oblique ligament (POL), and the transverse ligament (Fig. 1) . The AOL originates on the anterior aspect of the medial epicondyle, just anterior and inferior to the flexion axis of the elbow and inserts approximately 5 mm distal to the ulnohumeral joint near the sublime tubercle of the ulna. Of the 3 ligaments making up the UCL complex, only the AOL provides significant restraint to valgus stress at the elbow.
The AOL itself has been divided into 3 functional bands, an anterior, central, and a posterior band, each approximately one third of the 5 mm width of the AOL. The anterior band of the AOL is taut throughout the first 90 degrees of flexion and serves as the primary restraint to valgus stress. The posterior band becomes taut with further flexion through 120 degrees and serves as a coprimary restraint with the anterior band. 8 The central band remains relatively isometric throughout the 120-degree flexion arc. 9 The anterior and posterior bands are oriented such that they reciprocally stabilize the medial side of the elbow to valgus stresses throughout flexion and extension of the joint.
The POL extends from the humeral origin as a fanlike thickening in the capsule to its insertion on the medial margin of the semilunar notch. 7 It serves as a secondary restraint to valgus loading in early flexion. A transverse ligament exists in small percentage of elbows and, like the POL, does not contribute significantly to valgus stability. The transverse ligament spans from the mid-olecranon to the coronoid process.
BIOMECHANICS
The biomechanical elements of throwing and the medial collateral ligament have been the subject of many comprehensive studies in the literature. The reader is referred to these sources for a more detailed description. 1, 6, 8, [10] [11] [12] [13] [14] [15] [16] A brief summary of these studies is presented below.
The medial elbow is subject to extreme valgus stresses during throwing (Fig. 2) . These stresses are a function humeral external rotation, elbow flexion and the moment created by the ball in the hand. They have been shown to be the greatest during the late cocking and early acceleration phases of throwing. 8, 11, 12, 17, 18 The humerus is in maximal external rotation and the elbow flexed to 90 degrees in late cocking. The lead foot lands as the pitch cycle continues and the torso rotates to face the batter. The elbow flexes beyond 90 degrees and the early acceleration phase is entered. The elbow serves as fulcrum over which the moment of the ball-in-hand and the rotational forces of the trunk act. The arm rapidly ''uncoils'' with explosive internal rotation of the shoulder and extension at the elbow. The net result is a valgus and distractive force to the medial structures of the elbow and a compressive force on the lateral and posteromedial sides. These forces have been quantified.
Valgus forces generated during pitching can approach 120 Nm, 15 whereas it has been shown that the unlar collateral ligament can withstand approximately 34 Nm of force before failure. 19 This apparent mismatch is rectified as the UCL bears about half of the load, whereas the other static restraints (osteoarticular and capsular) provide additional support. 4 
HISTORY AND DIFFERENTIAL DIAGNOSIS
Medial elbow complaints are common in overhead athletes of all ages and levels of competition. These complaints can be caused by one or more of the soft tissue or osseous structures on the medial side of the elbow. Affected soft tissues in the differential diagnosis include the ulnar nerve, the medial head of the triceps, the flexor/ pronator mass, and the medial collateral ligament. Osseous abnormalities may include loose bodies, posteromedial osteophytes or, in the skeletally immature participant, avulsion fracture of the medial epicondyle (Table 1) . Players with each of these conditions present with fairly characteristic symptoms, which assist in the diagnosis. This section will focus upon the common soft tissue abnormalities. Throwers with ulnar neuritis present with fairly consistent symptoms, including paresthesias in the ulnar 2 digits of the hand, a vague ache at the elbow and, less commonly, hand weakness. Aoki et al 20 have recently shown a flexion-dependent strain of 13% in the ulnar nerve during several phases of the pitching cycle. Prior in vivo animal studies have reported circulatory disturbances in lower extremity nerves stretched beyond 15% of their resting length providing a possible explanation for these clinical symptoms. Ulnar nerve subluxation is also seen and is usually associated with a snapping sensation over the medial epicondyle with or without the associated neurologic complaints.
Ulna
A snapping or subluxing medial head of the triceps may present similarly to the subluxing ulnar nerve. This can be caused by a hypertrophic medial head or an anomalous tendon and may occur in association with a subluxing ulnar nerve. Patients report a snapping with or without pain and paresthesias during elbow flexion in both cases.
Flexor/pronator tendinitis usually presents in a different manner. Muscles in the forearm likely serve as a dynamic stabilizers to the elbow and assist the medial collateral ligament in stabilizing the elbow during throwing. 21 Electromyographic (EMG) studies in uninjured pitchers have shown low to moderate activity in these muscles while pitching. 22 One can understand that tendinitis and pain may develop with throwing given that these muscles are electrically active during this repetitive activity. This pain worsens over time if not treated. Players feel a sense of stiffness in the forearm flexors and require more time to warm-up. Their pain abates after the warm-up period and they are generally able to play painfree. With time, however, the condition may become chronic and significant structural damage may occur. Athletes with medial elbow pain secondary to UCL insufficiency present either because of an acute episode or because of a chronic, insidious injury. Approximately two thirds of players report an acute injury to the medial side of the elbow. 17, 23 These throwers often can relate the exact pitch during which their injury occurred. 17 Players with chronic elbow pain associated with UCL insufficiency usually experience pain with throwing and note a gradual decrease in their throwing velocity and accuracy. It is not clear why velocity is affected but the answer may lie in the results of other EMG studies. These studies show decreased flexor/pronator muscle EMG activity in UCL deficient elbows. 24, 25 This decrement in muscle activity may contribute to the velocity degradation.
EXAMINATION
Physical examination is aimed at differentiating between the various conditions on the medial side of the elbow. Table 2 lists physical examination findings consistent with each diagnosis. Sensitivity and specificity information is included, when available, in this table and was extracted from numbers presented in several of the cited references. Numerous retrospective studies have reported upon physical examination findings in athletes with surgically confirmed UCL injury. 17, 23, 26, 28, 29 Only O'Driscoll et al 27 described the moving valgus test for UCL injuries. This test was ''conceived'' by Dr O'Driscoll to specifically evaluate the UCL throughout its range of function. This test attempts to replicate the dynamic valgus torque that the UCL must resist. A moving valgus stress test is considered positive when the patient experiences pain in a functional range that replicates the throwing action of the arm in late cocking through early acceleration.
The test is performed by placing the shoulder in 90 degrees of abduction and the elbow in maximal flexion. A valgus torque is applied to the elbow through a stress at the wrist, thus rotating the arm and maximally externally rotating the shoulder. The arm is then rapidly extended from its maximally flexed position to 30 degrees of extension, all the while maintaining the valgus stress. This test is considered positive when 2 criteria are met: the examiner elicits pain that reproduces the patient's symptoms and the painful range is from 120 to 70 degrees of flexion. 27 A ''static'' valgus stress test had been employed before the conception of the moving valgus stress test. This test places a valgus stress upon the elbow in various degrees of flexion. The static test is usually performed at 30 degrees of flexion, although flexion ranges from 20 to 90 degrees are reported. The initial 30 degrees of flexion ''unlocks'' the olecranon from its fossa and shifts a greater percentage of the load to the UCL. Callaway et al 8 recommended testing in 90 degrees of flexion as their anatomic study showed the greatest increase in medial joint space after serial sectioning of the functional segments of the AOL. When instability is used as the end point for this test, however, the sensitivity of this test is quite variable.
Hyman et al 30 addressed the difficulty in interpreting instability with a static valgus test and noted that instability may be best appreciated by sensing the bony end point reached when bringing the elbow back into varus after the valgus stress has been applied. The sensitivity of the valgus stress test increases and the variability decreases when pain rather than instability is used as the end point. The ''milking test'' is a variant of the valgus stress test (Fig. 3) . It is awkward for the patient to perform but does assess pain in valgus at the elbow. The painful response presumably comes from the pathologic changes within the ligament that may not yet be incompetent. Subtle instabilities such as this may be best evaluated by imaging studies.
IMAGING
Radiographs, stress radiographs, computed tomography scans (CT), MRI, US, and arthroscopy have all been used to assist in diagnosing UCL injuries. Radiographs provide indirect evidence of instability, whereas stress radiographs provide more information on the integrity of the ligament. CT and MRI both with and without contrast provide more detailed information on the ligament and can facilitate the diagnosis of partial tears. US has been used recently as a screening examination and provides information on structure and function during stress testing. Stress arthroscopy provides the clearest anatomic picture of UCL function during stress testing.
Radiography
Findings on plain radiographs give clues to the stresses that the elbow has faced. The effects of traction on the medial side of the elbow are best appreciated on anteroposterior, radiographs in the form of calcification within the medial capsule or UCL or as spurs along the ulna. Traction spurs were seen on the medial aspect of the ulna in 44% of professional pitchers in 1 study. 1 Medial epicondyle avulsion fractures and avulsion fractures of the sublime tubercle can also be appreciated from this view. 31 Compressive effects, on the other hand, are seen in both the radial and posteromedial side of the elbow.
Up to 500 N of compressive forces in the radiocapitellar joint have been shown during pitching. 11 These recurrent stresses manifest themselves as radiocapitellar joint space narrowing, subchondral sclerosis, and osteophyte formation. Osteophytes are also seen on the posteromedial olecranon as part of the valgus extension overload syndrome and are visualized best on anteroposterior, hyperflexion lateral, and oblique radiographs. 30 
Stress Radiography and Stress US
Stress radiographs provide insight on the integrity of the UCL. Ellenbecker et al 32 compared stress views in the dominant and nondominant asymptomatic elbows of throwing athletes. Their study established that there is a statistically significant laxity in the UCL of the dominant elbow compared the nondominant elbow. Lee et al 33 compared nonstress and stress views on uninjured volunteers and noted a significant increase in medial opening with gravity and 25 N stresses in the same elbow. The significant differences brought upon by stress in normal individuals raises concern in extrapolating information to injured patients.
Rijke et al 34 quantified the differences in laxity on stress radiographs in injured and noninjured elbows. They showed that gapping of less than 0.5 mm occurred in elbows with non or minimally injured UCLs while gapping of greater than 0.5 mm was seen in elbows with large and complete tears of the UCL (Figs. 4A, B) . Azar et al 17 reported a sensitivity of 46% in stress radiographs of injured athletes in their retrospective study.
Stress US is a relatively new method to evaluate the same problem. Results of a recent study confirmed the conclusions drawn by Ellenbecker; there is a statistically different degree of joint space opening to valgus stress between the dominant and nondominant elbows of professional baseball players. The stress, in this instance, was a ''maximal valgus stress'' applied at 30 degrees of flexion by the team's athletic trainer. 35 
CT and MRI
The sensitivity and specificity of CT and MRI have been compared and both imaging modalities may assist the physician with the diagnosis. More recent studies have employed MR arthrography to visualize the UCL, 36, 37 whereas earlier reports compared CT arthrography and plain MRI to detect disruption or injury. 38, 39 Earlier reports showed that CT arthrography was more sensitive than noncontrast MRI in detecting abnormalities within the UCL. Sensitivities were 86% for CT arthrography and 57% for MRI when all MCL pathology was considered. The sensitivity of MRI declined dramatically when only partial tears were considered. These tears were identifiable by a pathognomic ''T'' filling pattern made by the contrast material and were seen in 5 of 7 patients with CT arthrography but only 1 of 7 patients on plain MRI (Fig. 4C) . The sensitivity of MRI increases substantially with the addition of saline as a contrast material and has been reported to be 95% for complete tears and 86% for partial tears. 37 
Arthroscopy
Field et al 40 and Timmerman and Andrews 41 performed separate arthroscopic studies to evaluate the UCL. These studies differed in their ability to visualize the AOL but were able to reliably identify the POL. Field and Altchek 42 and Timmerman and Andrews further clarified the effect of UCL sectioning upon the arthroscopic valgus stress test.
A small portion of the AOL could be visualized in only 1 of 10 elbows studied by Field et al 40 with a 4-mm, 30-degree arthroscope while Timmerman and Andrews were able to see the anterior most 20% to 30% of the AOL in all 10 of their cadaveric elbows. Elbow flexion did not improve identification of the AOL. Timmerman and Andrews noted a wider field of view when a 70-degree FIGURE 3 . A, The milking test. The patient externally rotates and flexes the affected arm. The contralateral arm supports the humerus on the affected side and the contralateral hand is used to pull on the affected thumb. A valgus stress is placed on the medial UCL while humeral rotation is prevented by the position of the contralateral arm. B, Starting position for the moving valgus stress test as described by O'Driscoll. The patient's shoulder is abducted to 90 degrees, the elbow hyperflexed, and the arm is supported by one of the examiners' hands. The examiner applies a valgus stress to the athlete's elbow. C, The thrower experiences pain in the range of 120 to 70 degrees of flexion as the elbow is rapidly extended. The POL was most easily identified with the scope in the posterior central portal. 40 Visualization was enhanced with elbow flexion of 70 to 90 degrees and was not possible through the anterior portal. The arthroscope did exert direct pressure on the ulnar nerve when in the posteriormedial gutter. 40 Although it was difficult to directly visualize of the AOL in both studies, evidence of insufficiency was more easily appreciated with the use of a valgus stress test. Field and Altchek 42 noted that a 1 to 2 mm opening occurred after complete sectioning of the AOL and that sectioning of the POL afterward resulted in much greater degrees of ulnohumeral opening. They found that a valgus stress did not open the ulnohumeral joint unless the entire AOL was sectioned; the effect was greatest when tested from 60 to 75 degrees of flexion. Timmerman and Andrews' study of a year earlier reported a slightly higher magnitude of joint opening when the AOL was sectioned and the elbow stressed at 70 degrees of flexion.
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Results of arthroscopic stress testing must be taken in the appropriate context. The cadaveric studies referenced above do seem to give credence to the arthroscopic stress test. Consider, however, the normal variance between dominant and nondominant arms to radiographic or US stress testing and the definition of instability is less clear. All imaging data must therefore be considered in light of the history, physical findings, and patient characteristics.
TREATMENT
Treatment options abound for the athlete with UCL injuries. Historically, most authors have recommended nonoperative treatment for 3 or more months before operative intervention. When surgery is chosen as the treatment for UCL injury, the surgeon has several technical options available. The 2 major surgical options are either repair or reconstruction of the ligament. The orthopedic literature is consistent with respect to the success and complications of surgery. Treatment recommendations are, however, based on level 4 evidence as no prospective randomized studies have evaluated conservative versus operative intervention for these injuries.
The sole article in the English literature on nonoperative treatment of UCL injuries in throwing athletes was published by Rettig et al. 43 Patients in this study were diagnosed with an injury to the UCL based up history, physical examination, and plain radiographs. Treatment consisted of 2 to 3 months of rest, antiinflammatory medications, ice and stretching, followed by a progressive strengthening and throwing program. The minimum treatment period was 1 year. Thirteen of the 31 patients, or 42%, in their study were able to return to their sport at the same preinjury level of play. There was no difference in the rates of return to play based on chronicity of symptoms; no differentiation was noted in outcomes between patients with instability and those with pain.
Kenter and colleagues 44 published a retrospective review of UCL injuries in 4 professional football players. Only one of these players was a quarterback. This patient had a grade I injury to the UCL and had loose bodies in the elbow. He was treated surgically with an elbow arthroscopy to remove the loose bodies and returned to play after 6 weeks.
Several retrospective studies have reported upon the success of surgical treatment for ulnar collateral injuries (Table 3) . 3, 17, 23, 26, [28] [29] [30] 46 Many refinements on the procedure have been proposed since Jobe's initial description of UCL reconstruction in professional baseball players. Ulnar nerve paresthesias occurred in up to one third of Jobe's patients and resolution of this complication seemed to drive the development of newer techniques. The surgical procedure used today is a hybrid of Jobe's technique and may involve a muscle splitting approach to the ligament 47 and any of 4 different ways to secure the tendon graft to the proximal humerus.
Biomechanical studies of reconstruction techniques show that all ligament reconstructions are inferior to the native medial collateral ligament complex. 48 The classic method of graft fixation as described by Jobe is the transosseous tunnel (figure-of-8) technique. Alternative methods such as tendon docking 46 and interference screw 19 fixation have recently been described. Comparative testing of reconstructions with the docking technique and a technique employing an endo-button showed that these 2 methods survived more cycles and failed at higher loads than figure-of-8 and interference screw constructs. All of these methods failed under approximately one third of the load of the uninjured ligament. 48 Reconstruction with suture anchors, yet another fixation method, may more readily replicate the normal anatomy of the UCL but the mean valgus load strength was less than that of bone tunnels. 49 Taken as a whole, there is no clear biomechanical superiority of one reconstruction technique over another. With this in mind, surgical treatment decisions rest upon the results of prior outcome studies and surgeons' preference and experience.
We are able to compare clinical outcomes of some of these techniques through independent and somewhat parallel but not prospective studies (Table 4) . Prospective studies with multiple treatment arms are impractical in the normal sports medicine practice given the relatively low incidence of this injury. Available data presented in Table 3 indicate that reconstruction provides a better chance to return to competitive sporting than repair. One study did note a return to sports in 17/18 patients who had a repair of their UCL. 29 This patient population was exclusively female with a heterogeneous UCL injury pattern. They were treated by 1 of 3 different repair protocols. Repair may be the preferred method of treatment in this subset of patients and injury pattern but definitive conclusions cannot be drawn from this study.
Clinical results of outcome studies show a 70% to 90% return to competitive sports for at least 1 year with reconstruction. No clear evidence exists to prove that one reconstruction method is superior to others. The incidence of ulnar nerve paresthesias is clearly decreased if the ulnar nerve is either left within its bed or transposed subcutaneously rather than submuscularly. Ulnar nerve complications after reconstruction range from 3% when not transposed 46 to 33% when transposed submuscularly. 26 The treatment algorithm in Figure 5 was derived from clinical experience and is supported by the literature cited herein. Two factors are heavily weighted in this algorithm, clinical suspicion and level of athletic participation. Clinical suspicion for an UCL injury is high when a player feels or hears a pop and physical examination shows an edematous, painful medial side with limited motion (most commonly extension). A conservative plan of rest and an accelerated interval throwing program (AITP) are chosen when both factors are low. Ligament reconstruction with ipsilateral palmaris longus graft through bone tunnels is our surgical procedure of choice and is chosen only when these conservative measures fail and when these nonelite athletes wish to continue in their chosen sporting activities. High profile athletes, on the other hand, are treated more aggressively.
Saline-enhanced MR arthrography of the injured elbow helps to grade the injury to the collateral ligament complex. MRI is chosen early for the elite athlete. These results help to guide our treatment plan. Grade 1 and 2 injuries are seen as edema or partial tears on the arthrogram. Grade 1 injuries are initially treated with rest and a more prolonged rehabilitation and an accelerated interval throwing program (Appendix 1). Grades 2 and 3 injuries, partial and complete tears, treated with a hinged elbow brace followed by rehabilitation and a full interval throwing program (Appendix 2). Surgical reconstruction is reserved for the athlete that fails these conservative measures.
REHABILITATION
Rehabilitation of the ulnar collateral injured elbow is a slowly progressive process. Athletes with grade 1 and some grade 2 sprains, and most injuries in low demand athletes willing to give up their sport will often respond to protection, rest, anti-inflammatory medications, and strengthening followed by an interval throwing program (ITP). Clinical experience shows that most grade 2 and grade 3 sprains will not respond to this conservative approach and will require surgery. The postoperative rehabilitation course is much longer than the nonoperative program.
Those players with grade 1 injuries are initially treated with rest. Hinged elbow braces seem to be a standard part of many treatment and postoperative protocols and may protect the elbow from valgus stresses. Braces generally prevent full extension for the first 2 weeks; range of motion is gradually expanded thereafter. Isometric exercises focusing upon the wrist flexor and extensor muscles are introduced as pain decreases. Shoulder motion and scapular strengthening exercises parallel the elbow rehabilitation course. Sport-specific exercises are chosen although throwing and valgus stresses are restricted for at least 6 weeks. A structured accelerated interval throwing program is initiated only when the athlete's strength is normal and the elbow is painless to valgus stress testing. This throwing program is included as Appendix 1 and takes 6 to 8 weeks to complete. Thus, the total rest, rehabilitation and return to throwing program may take 12 to 14 weeks to complete.
Postoperative rehabilitation is substantially longer and progresses over 8 to 12 months. Many authors divide their programs into phases for convenience. 17, 30, 50 Each phase represents both a time interval and progress towards return to play. Players progress to throwing through a full interval throwing program, which is included in Appendix 2. The outline of the rehabilitation protocol follows.
Phase 1:
Postoperative elbow immobilization in 90 degrees with hand free 0 to 1st week Phase 2:
Hinged elbow brace with ROM locked out 30-100 1st to 4th week Start forearm flexor/extensor isometric exercises Start shoulder/scapular exercises Phase 3:
4th to 8th week Increase ROM in brace 5 degrees of both flexion and extension per week Add progressive resistance exercises to forearm muscles Phase 4:
Elbow brace discontinued 8th to 14th week Sports-specific exercises including progressive and manual resistance exercise Add dynamic stabilization drills Phase 5:
Return to throwing-two days on, one day off 14th to 26th week Continue generalized body conditioning exercises Progress through the above protocol is predicated upon painless participation. Athletes are rested at any point in which pain occurs and begin the rehabilitation process over again, starting where they left off, or backing up a step if needed.
LEVEL OF EVIDENCE
Each clinical article is assigned to the appropriate ''Level of Evidence'' category as described by Spindler and colleagues (Table 4) . 51 Review of Table 4 clearly illustrates a lack of prospective randomized controlled therapeutic and prognostic studies from which a universal treatment protocol can be derived. Level 3 and 4 evidence is present and these studies provide independent data on the success of individual treatment regimens. These are the studies that form the basis for current nonoperative and operative treatment of UCL injuries.
SUMMARY
The accurate diagnosis and appropriate treatment of medial UCL injuries in the throwing athlete can be challenging for both the physician and the patient. The diagnosis is best made with a detailed history and meticulous physical examination; MR arthrography and endoscopic stress testing may serve as useful adjuncts. Rehabilitation alone serves a role in the treatment of low grade injuries and allows for return to participation in a significant percentage of athletes. This process is time intensive, taking up to 4 months to complete. Surgical reconstruction of the ligament is reserved for the elite athlete with a high grade injury who has failed a reasonable course of nonoperative treatment and desires to return to competitive play. Reconstruction followed by a lengthy rehabilitation program has been shown to be successful in returning up to 90% of players to competition for at least 1 year.
APPENDIX 1 Accelerated Throwing Program
The AITP is a shortened version of the full ITP described above. It is used in situations where the athlete has not been shut down from throwing for more than 3 weeks. In general, it takes a throwing athlete 1 week to return to throwing competitively for each week he has been shut down. Thus, if a pitcher is not allowed to throw for 2 weeks, it takes about 2 weeks to go through an accelerated ITP, for a total of 4 weeks from initial shut down to return to the mound.
The principles of the AITP are the same as for the regular ITP. The athlete begins with a long toss program on level ground, progresses to pitching on flat ground, and eventually to pitches from the mound. A typical 2-week program might consist of throwing and rest days. Throwing starts with 2 sets of 25 throws at a distance of 90 feet on days 1 and 2. Day 3 is off. Long toss at 120 feet resumes throwing on days 4 and 5, again for 2 sets of 25. Day 6 is another day of rest. The intensity picks up on day 7 starting with a warm up consisting of light catch at 60 feet, gradually increasing velocity to that approaching pitching speed. The pitcher throws only fast balls to a catcher on flat ground for 8 minutes or 25 pitches.
Day 8 is a rest day, and on day 9 the flat ground pitching resumes, perhaps adding a change-up to the program. The athlete would be back throwing on day 10 and can start mixing in breaking balls (curve, slider, etc) to the pitching repertoire. Day 11 is another day off and on day 12 the athlete moves to the mound. Again, he or she will start with fastballs and change-ups. The pitcher will throw all pitches from the mound and with full effort on day 13. A total of 35 pitches can be thrown if all goes well. The athlete is considered ready and may resume pitching in games if he completes day 13 without pain and with good velocity and accuracy. 90-120 Warm-up throws Warm-up throws 5 throws at 90 feet 5 throws at 90 feet 5 throws at 95 feet 5 throws at 95 feet 10 throws at 100 feet 10 throws at 100 feet 10 throws at 110 feet 10 throws at 110 feet 10 throws at 115 feet 15 throws at 115 feet 10 throws at 120 feet 15 throws at 120 feet 10 minutes rest 10 minutes rest Repeat program Repeat program *Each block is three to four days resulting in a six week throwing program.
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